The objective of this study was to refine the understanding of cognitive troubles in autism and to clarify the modes of information processing mobilized by the subjects. Eight children were examined, aged 4;9 -9;1, with a diagnosis of moderate autism. The Kaufman Assessment Battery for Children (K-ABC) was presented to each child.
It is commonly acknowledged that the autistic syndrome is associated with a disorder of information processing (1) (2) (3) . Some authors (4, 5) attributed the disharmony of the cognitive functioning in autistic children to the dissociation between the two types of processing, holistic and sequential. The latter is thought to be particularly deficient in autism. The results of neurological explorations, by suggesting an insufficiency in information processing in the left hemisphere, enable us to back up this hypothesis, at least in part (6) (7) (8) .
Furthermore, a number of authors (9) (10) (11) (12) (13) (14) (15) underline the difficulty in integrating the rules of a game, understanding and carrying out oral orders, as well as inter-subjective relations in autistic children. All these disorders show the difficulty in implementing a sequential process (16) .
However, other studies support the theory according to which children with autism could have a «weak drive for central coherence» (17, 18) which biases them towards processing information at an analytic rather than global level. According to the authors cited above, the notions of central and peripheral coherence are the base of mental functioning. Whereas the peripheral coherence is thought to integrate the various stimuli coming from the environment, perceived by the subject, the central coherence is thought to process and interpret the information in a global perspective. In the case of the autistic subject, while the peripheral coherence functions, central coherence is thought to be deficient. As a result, the subject would only have separate pieces of unrelated information available to him (19) .
Consequently, in the present study, the aims were: -to refine the understanding of cognitive troubles in autism and to clarify the modes of information processing mobilized by the subjects -thereby contributing to improving the care of autistic children.
METHOD Subjects
Eight subjects were examined in this study, 2 girls and 6 boys (chronological age: 4;9 to 9;1; developmental age: 2;6 to 7;0). Seven of them were retarded in their intellectual development, one had a normal intellectual development. Most of them developed only rudimentary speech with typical peculiarities.
Each of the eight children can be considered autistic according to the ICD-10 criteria (1993).
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The ADI-R (Autism Diagnostic Interview-Revised) (20) , carried out by the medical practitioner together with the parents enabled him to orient his diagnosis starting from the recollection of the experience of living with the child from the earliest stages of his development.
The degree of autism was evaluated by means of the CARS (the Childhood Autism Rating Scale) (21) , gauged from video tapes of the child alone and with his parent(s).
All these subjects presented a diagnosis of moderate autism. These autistic children were referred from the CIERA (Inter-regional Center for Studies and Resources on Autism, Brest-France) or the CRA (Center for Research on Autism, Montpellier-France). They had come to this center for an evaluation of their troubles.
Procedure
The Kaufman Assessment Battery for Children (K-ABC) (16) , was presented to each subject. The K-ABC is a battery of tests designed to evaluate children between 2.6 and 12.5. It is based on the results of research in neuro-psychology and cognitive psychology (22) (23) (24) (25) (26) , which came to a dichotomous view of the mental processes implicated in the resolution of a task. This dichotomy determines two different modes of information processing:
The sequential or analytic process: stimuli are treated one by one according to a serial order. Each idea is connected with the previous one through a temporal and linear procedure.
The simultaneous or holistic process: several stimuli (coming from varied sources) are treated at the same time. This treatment implies a global perception.
Carrying out the test results in a score on the scale of the sequential, simultaneous and composite processes: this latter scale establishes a synthesis of sequential and simultaneous process and gives the intellectual level of the child. Furthermore, a scale of skills allows to evaluate the practical intelligence called for in everyday situations and which relies on the experience acquired at school and in the subject's familiar environment.
In this study, only certain sub-tests of the scales of sequential and simultaneous mental process have been presented in order to apprehend the preferred mode of information processing developed by each subject, together with his strong/weak points according to the cognitive register solicited.
RESULTS
Result analysis first consisted in computing the scores of each child for each scale of the KABC: sequential process, simultaneous process, composite process.
The presentation of K-ABC did not enable us to uncover a significant predominance of a single mode of processing (Sequential, m= 71 / Simultaneous, m= 75,5: t = -1,017. ns). However, 6/8 children obtained a score on the scale of sequential process inferior to that of simultaneous process.
To specify these first results, it was necessary to compare the score obtained for each sub-test in the sequential and simultaneous scales to look for high and low points in the profile of the subjects.
The results indicate that:
The most successful sub-tests were always on the scale of simultaneous process: 1. Spatial memory (m= 6,9), 2. Triangles (m= 9,9), 3. Recognition of forms (m=6,1) The least successful sub-tests were always on the scale of sequential process: 1. Hand-movements (m=5,6), 2. Memory of numerals (m=5,9), 3. Series of words (m=5). In so far as the mean for each sub-test in the K-ABC is 10 and that the maximum score is 19, we noted that the scores obtained by the subjects on both scales are very low. They attest a cognitive deficiency in apprehending and processing information in these children when solving problems. However, according to these results, the mobilization of sequential process appears to be particularly bad.
On the scale of sequential process, "hand-movements" and "memory of numerals" imply the capacity to reproduce in sequence a model which is either a visual (rhythmic sequences rapped out on the table with the palm of the hand, the fist or the side of the hand) or an aural one, (a series of numerals spoken aloud). The difficulties of the autistic subjects in imitating gestures were described for the first time by De Myer and al (27) . Since then, numerous research papers have confirmed the lack of imitative skills in autistic children. (14, (28) (29) (30) (31) (32) . This study clarifies these findings. A close analysis of the protocols reveals that 7/8 subjects are capable of reproducing at least one sequence of two consecutive gestures and of repeating at least two numerals. However, most of them have difficulty in recalling a serial of three or more different stimuli. Consequently, basic-level imitation of gestures and basic-level repetition of numerals seem to be possible at the age of our subjects.
In the sub-test, "series of words", the child must point at pictures of commonplace objects in the order they have been given in. This task supposes aural-visual integration together with an immediate aural-motor memory. However the passage from aural reception of stimuli to their visual designation requires an inter-modal sensory integration which is regularly presented as being deficient in autistic children, (33, 34) , this has been confirmed by our results.
On the scale of simultaneous process, two sub-tests, "triangles" and "spatial memory", appear to have been more successfully carried out by our subjects. Their respective averages are not very significant in themselves but the study of their scores shows that in the first, 5/7 subjects scored between 9 and 14, while in the second, 4/7 scored between 9 and 11. These sub-tests has been presented only to seven children: «spatial memory», because one subject was too young, «tri-angles», because one subject refused to solve the task. There is no comparable frequency of honorable scores in any other sub-tests in the scale.
The sub-test "Triangles" measures the aptitude of the child to assemble several triangles to reproduce a model presented graphically. This task solicits both visual perception and motor act, therefore visuo-motor coordination. It has to be carried out in a limited time. It is a complex task and the relative success of the autistic children may seem surprising. To illustrate the method used by the children, we will look at two of them, Noémie (C.A: 5;1; D.A: 3;0): "She carefully examines the drawing to be copied, her eyes going from the drawing to the triangles. She appears to consider each of the elements in turn and to note afterwards the similarity between the configuration and the model". Then she adjusts each triangle in turn as if her method was not guided by a global representation of the objective. She succeeds 8 items scoring 10/19! Nicolas (C.A: 6;0; D.A: 2;6-3;0), loves to feel and handle the triangles, and shows great interest in this task. Just like Noémie, he considers them one after the other and, to his surprise, notices that the final arrangement corresponds to the model. He succeeds the simplest items, necessitating the assembling of two or three triangles.
These characteristic examples show that the subjects undertake the task in sequence, whereas it requires simultaneous processing to be completed successfully. We will come back to this aspect in the discussion.
The "spatial memory" sub-test measures the child's aptitude to memorize where each image is, on a page. As the subject goes on with the test, the number of pictures increases and a visual strategy aimed at collecting them into a "good form" is required to improve their retention followed by their recall. At this time only, children begin to fail: when it becomes essential to join spatially the elements dispersed for better memorizing them. This task appears interesting to understand the cognitive troubles of autistic children. It solicits in particular the visuo-spatial memory and, this type of memory takes place into one of the principal characteristics of autism: the sameness. The autistic child, indeed, reacts brutally against any spatial modification of his environment and this attitude supposes a high memory.
DISCUSSION
Our purpose was to determine whether autistic children, when faced with problem solving, had a privileged mode of processing, either sequential or simultaneous
The subjects included in this study, did less well in the sequence scale sub-tests. The difficulties become apparent when they have to seize, encode and recall a serial of three or more different stimuli. We think that these findings are consistent with other literature (35) (36) (37) (38) suggesting in autism a specific deficit of executive functions including, the control of cognitive activity, attention and inhibiting capacity, visual and auditory perception. Furthermore, the capacities of processing limited to a small number of stimuli could favor a malfunctioning of complex perceptions. It could be that the seizure and the treatment of an overabundance of stimuli could produce a loss of control of sensory-perceptual systems. So, as Schopler and Reichler (39) , suggest, the systems that filter outside stimuli might be deficient in autistic children, leading to an overabundance of sensory stimuli which in turn gives rise to a "protective inhibition", that is to say, the isolation of the child from a world seen as threatening and dangerous.
When the tasks require simultaneous processing, that is a global perception, and the synthesis of varied stimuli, we noted that the subjects succeeded better. However the study of the strategies used in the "triangles" sub-test shows that the subjects' method is based on taking the sequence of information into account and that they have not anticipated the global perception of the whole. As for the "spatial memory" sub-test, as soon as there were numerous pictures (most often 4 or more), and a global perceptive strategy to assemble them was necessary to memorize them, the subjects were more likely to fail.
It is possible that the very nature of these visual-spatial tasks enhanced their performance somewhat. Indeed some authors, (40, 41) have shown that autistic children have better visual-spatial, handling (assembling puzzles and other objects), and mnemonic capacities than mentally retarded children of the same age, sex and intellectual level. Nevertheless the children in our study tended to only take shapes that were isolated from each other or that had dyadic links, into consideration, their capacity to associate a large number of varied stimuli appeared to be deficient.
Consequently, these results seem to imply that children with autism could have a weak drive for central coherence which gives them a tendency to process locally rather than holistically. But, when the stimuli to be processed went beyond a certain number, their sequential processing was also perturbed.
The hypothesis of a malfunctioning left hemisphere, implied in the troubles we observed, would not therefore be exclusive. It is quite probable that the associated malfunctions localized in the right hemisphere and the lower cortex (42) can also be incriminated.
If the results of this study were confirmed in a larger population of autistic children, they could be taken into consideration before undertaking the care of those subjects. A better knowledge of the characteristics of the spontaneous cognitive functioning of autistic children is indeed indispensable so as to avoid the caregivers asking them to perform tasks that are out of the question for them, given their incapacity to simultaneously seize too big a number of sensory fluxes to elaborate correct answers. Based on the results of the study presented here, it appears that at least three aspects must be taken into consideration to offer the autistic subjects the care adapted to their specific needs: the organization of the surroundings, the seizing and processing of stimuli coming from their environment, the handling of their relation with other people.
To avoid the sensory overload that could lead to an autistic withdrawal, the child's surroundings must be particularly bare, as suggested by Rogé (43) so as to reduce the quantity of information to be processed simultaneously, (few wall decorations or auditory stimuli). The material present should be carefully chosen so that one of its aspects (shine, texture), does not exclusively attract the child's atten-tion, thereby preventing him from showing an interest in anything else. Once an environment suited to the behavior of autistic children, and limiting the expression of signs of distress (agitation, isolation, stereotypes…), has been put in place, it is possible to envisage exercises aimed at developing the deficient functions by means of a variety of games and activities. For example activities which require the processing and immediate repetition of varied ordered stimuli, such as musical rhythm with tambourine, (music allows these children to enter a listening space where they can be the actors) or psychomotor games for example the reproduction of sequences of coordinated gestures. Moreover the problems which affect the processing of an overabundance of stimuli are found on the relational and social level: autistic symptoms are more obvious in a triadic than in a dyadic relation, (44) . This acknowledgement must influence the care. The autistic subject must be given the possibility to regulate his relation with two adults, in other words to share the negotiation of triadic relations to psychologically appropriate the relation between others and to include oneself among them. (45) .
Such a diversified care imposes coordinated work in an interdisciplinary team involved in a common educational project elaborated for a specific child who must learn and construct himself.
